Cardiovascular disease (CVD) is a leading cause of death in both females and males throughout the world. Over the past 30 years, considerable progress of diagnosis and treatment has been achieved in this area. Although there have been significant declines in CVD mortality for women, these reductions lag behind those seen in men. In addition, where there has been a decrease in mortality from CVD across all age groups over time in men, in the young women (age≤55 years) there has been a remarkable increase in mortality from CVD. 1)2) Moreover, for many decades, the diagnosis of the underlying burden of obstructive coronary artery disease (CAD) has been the focus of diagnostic evaluation algorithms for women and men presenting with chest pain.
myocardial ischemia. [6] [7] [8] [9] [10] Among many clinical cohorts, paradoxical sex differences have been observed in patients with symptoms and outcomes of CAD. Women have a two-fold increase in "normal" coronary arteries in the setting of acute coronary syndrome (ACS), non ST-segment elevation and ST-segment elevation myocardial infarction (MI) ( Table 1) . 11) Women have less anatomical obstructive CAD and relatively more preserved left ventricular function despite higher rates of myocardial ischemia and mortality compared with men, even when controlling for age. [7] [8] [9] [10] [11] [12] This paradoxical sex difference appears to be linked to a sex-specific pathophysiology of myocardial ischemia including coronary microvascular dysfunction (CMD), a component of the 'Yentl Syndrome'. Accordingly, the term IHD is more appropriate for a discussion specific to women rather than CAD or coronary heart disease (CHD).
In this paper, we review IHD in women regarding the recognition, diagnosis and management, particularly focusing on microvascular angina and we examine the sex-specific issues related to myocardial ischemia in women in terms of recognition and detection, diagnostic testing, as well as therapeutic management strategies for IHD.
Case presentation
A 40-year-old woman was hospitalized for acute shortness of breath and chest tightness. Electrocardiography (EKG) showed STsegment elevations and she had an elevated troponin 0.48 ng/mL (normal<0.04 ng/mL). A chest computed tomographic (CT) scan showed no evidence of pulmonary embolism. A coronary computed tomographic angiographic (CCTA) showed no obstructive CAD. The patient was discharged from the hospital without specific diagnosis. Five years prior, she was diagnosed with a positive anti-nucleotide antibody (ANA) which appeared to be a borderline. She was later tested and was diagnosed with systemic lupus erythematosus with a positive ANA. She also had a history of pregnancy induced hypertension. Follow up outpatient EKG had non-significant ST changes and echocardiography showed normal left ventricular wall motion and ejection fraction. She currently takes buspirone HCl orally 10 
Recognition
The initial step to improve the outcome of women's IHD is recognition of at-risk women. In general, the greater number of traditional cardiovascular risk factors is given, the higher CVD risk is expected in any cohort. Fig. 1 showed CVD mortality trends for males and females in United States from the years 1979 to 1997, and demonstrate increasing mortality and a new female majority 8) in contrast to decreased mortality in men.
Other work indicates that the adverse IHD gender gap is the widest in relatively young women, where MI mortality is 2-fold higher in women under 50 years compared with age-matched men. 7) Further, it was recognized in 1991 that women with CAD were less likely to undergo coronary angiography or percutaneous coronary intervention, 13) including when admission symptoms were more prominent in women than in men. 14) Unlike men, women were submitted less frequently to any diagnostic or therapeutic intervention. This alarming fact was described by Healy, 15) the first woman director of National Health Institute in United States, as the 'Yentl Syndrome' named after the Jewish heroine of Isaac Singer, who was masqueraded as a boy in order to be educated in the Talmud philosophy. Healy 15) concluded that when a woman has been shown to have obstructive CAD, like men, only then she gets the appropriate treatment. More recently, Johnston et al. 16) identified inappropriate and inadequate cardiovascular medications and coronary angiography in women with chest pain compared with men and suggested that when women look like men (with 'male-pattern' obstructive CAD), they are more likely to be diagnosed and treated like men. We have revived the use of 'Yentl Syndrome' terminology to the paradox of adverse outcomes of women with IHD, as well as the under-diagnosis and undertreatment of women. 17) What relevance does this have to the adverse IHD gender gaps for women? While it is now recognized that there are many gender differences in IHD characteristics and outcomes, including more frequent angina diagnosis, more emergency room visits, higher MI mortality, and higher rates of heart failure in women compared with men, 8) 18) the etiologies contributing to these differences are less well elucidated. Specifically, not only diagnostic evaluation of women may be misleading, but also the appropriate treatment selection can be difficult.
Therefore, specific studies examining gender differences to understand these gaps and paradoxical difference are needed. Two decades ago, the WISE study was commissioned as a National Heart, Lung and Blood Institute (NHLBI)-sponsored fourcenter study with the aims to improve diagnostic testing for the evaluation of IHD in women, and to improve understanding of the pathophysiology of myocardial ischemia in women with and without obstructive CAD. 19) The WISE study has shown that up to half of women undergoing clinically-indicated coronary angiography have either no or nonobstructive CAD , 7)8)20)21) which is associated with a 2.5% yearly risk of major adverse cardiovascular events, including death, nonfatal MI, nonfatal stroke, and congestive heart failure.
22)23)
Further WISE follow-up in the women with nonobstructive CAD and evidence of myocardial ischemia demonstrates a relatively poor prognosis compared with women with nonobstructive CAD and no myocardial ischemia. 24) Data from the WISE and related studies implicate abnormal coronary reactivity, 25) including CMD, 26) and plaque erosion/distal microembolization 27)28) as contributory to a female-pattern IHD pathophysiology.
Women are less likely to receive guidelines-indicated IHD therapy. Novack et al. 29) demonstrated that systemic use of the 2000 European Society of Cardiology and American College of Cardiology (ACC) guidelines 30) was associated with a reduction in adverse sexrelated ACS mortality in women, bringing female mortality close to that of men. Notably, a persistent adverse female mortality sex gap existed, suggesting more work is needed to understand sex-specific pathophysiology to improve outcomes for women.
The symptoms and signs of ischemia with "normal" coronary angiography can be similar to typical angina, although women have a relatively higher prevalence of atypical symptoms compared to men. Women tend to present with less typical symptoms, such as fatigue (70.7%), sleep disturbance (47.8%) and shortness of breath (42.1%), 31) back pain, indigestion, weakness, nausea/vomiting, dyspnea and weakness.
7)32)
Data from the WISE study indicate that typical vs atypical angina does not discriminate between obstructive and nonobstructive CAD in a population of women undergoing coronary angiography. 33) Therefore angina classification does not adequately stratify obstructive CAD in women and most symptomatic women over 50 years are at intermediate risk (20-50%) and should be tested for myocardial ischemia ( with an abnormal 12-lead rest ECG with ST-segment abnormalities may be referred for stress imaging (myocardial perfusion imaging, echocardiography, or cardiac magnetic resonance imaging) or CCTA. Women at high IHD risk with stable symptoms may be referred for a stress imaging modality for functional assessment of their ischemic burden and to guide posttest, anti-ischemic therapeutic decision making. Fig. 2 provides a synopsis of this evaluation algorithm. 35) Alexander et al. 36) tested the prognostic value of the Duke Treadmill Score (DTS) in 976 women and 2249 men referred for evaluation of chest pain who underwent exercise treadmill testing and subsequent diagnostic cardiac catheterization. The DTS is calculated as follows: duration of exercise in minutes -(5x the maximal ST-segment deviation during or after exercise, in millimeters) -(4x the treadmill angina index). Treadmill scores: ranged from -25 (indicating the highest risk) to +15 (indicating the lowest risk). They found that the DTS effectively stratifies women into diagnostic and prognostic risk categories. 36) Among DTS variables, exercise duration was the strongest predictive parameter.
37) The WISE study evaluated the prognostic value of functional capacity in asymptomatic (n=8715) and symptomatic (n=8214) women. Shaw et al. 8) synthesized data from various reports and noted that women who have generally worse functional capacity, engage less often in physical exercise programs, and have more functional decline during their menopausal years as compared to age-matched men. Women who achieve <5 METs are at increased risk of cardiac event.
A recent comparative effectiveness trial randomized 824 symptomatic women at low to intermediate risk to an index exercise treadmill test compared with stress myocardial perfusion singlephoton emission computed tomography (SPECT) 37) and found similar 2-year rates of major adverse cardiac outcomes (p=0.59). Therefore, imaging is not appropriate in intermediate risk women with a normal ECG who can exercise.
Adverse cardiac event rates increase with the number of inducible 35) with permission. Copyright © 2014, American Heart Association, Inc.
wall motion abnormalities during stress echocardiography and are independently predictive of death from CAD or nonfatal MI above and beyond presenting symptoms, clinical risk factors, and a patient's medical history. 38) Women with multiple inducible wall motion abnormalities, especially if they encumber varying vascular territories or are in the anterior wall, are at particularly high risk, with annual event rates of 5% or higher and even as high as 10% per year for those undergoing dobutamine stress echocardiography. [39] [40] [41] Exercise and pharmacologic stress gated myocardial perfusion imaging with SPECT is commonly used diagnostic imaging procedure and useful for risk stratification in higher risk women. [42] [43] [44] Recently, the prognostic value of resting/stress 82 Rb Positron Emission Tomography (PET) was published from a large multicenter cohort of women and men. 45) From this report, 5-year CAD mortality ranged from 0.9-13% for women with 0-≥15% abnormal myocardium at stress PET (p<0.0001), which comparable to death rates were reported for men.
Coronary artery anatomy and presence of obstructive CAD can also be assessed by noninvasive coronary CCTA and invasive CAG. Min et al. 46 ) evaluated a consecutive cohort of 24775 patients undergoing CCTA between 2005 and 2009 without known CAD who met inclusion criteria. At a 2.3±1.1-year follow-up, the mean annualized death rate was 0.3% for patients without obstructive CAD. By comparison, for women the relative hazard for death was elevated 1.7-fold for patients with mild nonobstructive CAD (p=0.016). In addition, multivessel CAD was associated with relative risk ratios that were in the range of 3-4 fold higher for women (p<0.0001). Women were at higher prognostic risk for CAD burden (Fig. 3) . 35) Another recent report suggests that the overall prognostic relationship is similar for women and men based on CCTA findings of the extent and severity of obstructive CAD. 47) CMD is proposed to be a contributor to the signs and symptoms of ischemia. CMD can be diagnosed using invasive angiography techniques, and novel noninvasive techniques (such as PET, transthoracic Doppler echocardiography, and cardiac magnetic resonance imaging) are increasingly available. The relationship between major adverse outcomes and baseline coronary flow reserve (CFR) was assessed in 189 women with suspected ischemia and risk factors for atherosclerosis, who were referred for coronary angiography as part of WISE.
48) The majority (81%) of the women had either normal findings at angiography or evidence of <50% stenosis; during mean 5.4 years follow-up, a CFR<2.32 was the best predictor of major adverse outcomes-defined as death, nonfatal MI, nonfatal stroke, and heart failure requiring hospitalizationwith a sensitivity of 62% and specificity of 65%.
48)

Management
Women remain the majority of victims and still receive fewer therapies to prevent and treat IHD despite guidelines noting their benefit. Women have less cholesterol screening, fewer lipidlowering therapies, less use of heparin, beta-blockers and aspirin during MI, less antiplatelet therapy for secondary prevention, fewer referrals to cardiac rehabilitation, fewer implantable cardioverterdefibrillators and heart transplants compared to men with the same recognized indications. [49] [50] [51] [52] [53] [54] [55] To improve IHD outcomes in women, understanding female specific IHD pattern may help due to the relatively high frequency of CMD in symptomatic women with and without obstructive CAD 18)56)57) which we and others have linked with the symptoms, signs, and IHD adverse outcomes.
22)48)
Under-treatment of women may in part be attributed to the lower prevalence of obstructive CAD and a lack of recognition of IHD. Of note, IHD guidelines related to ACS and angina are not "cardiac catheterization" based but indicate appropriate treatment for evidence of ACS and angina. Further, a simplified approach to IHD management helps to increase adherence to guidelines. The AHA 'Get With The Guidelines' 58) and the ACC 'Guidelines Applied in Practice' 29) appear to have the largest impact on narrowing therapeutic gender gaps that disadvantage women.
Application of the four evidence-based ACS medication strategies (angiotensin-converting enzyme [ACE] inhibitors/angiotensin-renin blockers [ARBs], ß-blockers, aspirin, and statins) regardless of coronary angiography preferentially saves women's lives. 29) Use of this strategy in stable angina patients was associated with equivalent mortality between the sexes, 16) although event rates were predictably lower in this stable lower risk population and therefore the sensitivity to detect differences may be limited compared with an ACS population.
Regarding specific treatment of CMD, therapeutic lifestyle changes as well as anti-atherosclerotic and anti-anginal medications may be beneficial, but clinical outcome trials are lacking and are needed to guide treatment. Specifically, beta-blockers are effective for improving chest pain symptoms. 59) No controlled studies are available on the effects of nitrates on clinical outcomes in women. Statins and ACE inhibitors improve endothelial dysfunction 60)61) and may be beneficial in patients with nonobstructive CAD. [60] [61] [62] Benefits of statins on the coronary microcirculation have been documented in clinical studies. 63) Combinations of drugs, specifically statins and ACE inhibitors, may amplify these benefits.
60) The proven benefit of exercise training in this population 64) suggests that mechanisms of adrenergic modulation play a role.
Evidence-based therapeutic strategy or algorithm for IHD in women can be summarized as in Table 3 , using an A-B-C format to use the four evidence-based medications associated with a significant reduction in recurrent major adverse cardiac events following an ACS. [65] [66] [67] [68] [69] Novel therapies with ranolazine and ivaburadine have been evaluated in women without obstructive CAD. Particularly, ranolazine, a piperazine derivative, 70) is increasingly becoming an adjunctive or first-line antianginal medication in patients with refractory angina or when traditional antianginal agents are ineffective or are contraindicated (such as in patients with a low blood pressure or heart rate). [70] [71] [72] The mechanism of action of this drug is uncertain, but is thought to involve inhibition of the late sodium current of the cardiac action potential, 73) which in turn causes homeostatic improvement in sodium and calcium concentrations. Specifically, ranolazine reduces calcium overload in ischemic myocytes.
Is there an evidence of progress in improving IHD outcomes and closing these gender gaps for women when increasing recognition of IHD and treatment with guidelines? After NHLBI Heart Truth/ AHA awareness, WISE sex-specific IHD research, and ACC/AHA guideline campaigns, the US cardiovascular mortality in women has decreased by 43% (Fig. 4) , although women remain with an adverse mortality gap, and ongoing work is needed.
Case summary and management
Returning to our case, the female patient had persistent outpatient symptoms of chest pain, signs of ST-segment changes on resting ECG following a ST-segment elevation with troponin elevation but no obstructive CAD by CCTA episode. Therefore, she can be diagnosed as IHD with no obstructive CAD with prior STsegment elevation myocardial infarction (STEMI). She is at high risk for recurrent adverse events, and stress testing with imaging can be conducted to estimate prognosis and guide management. Based on recommended guidelines, she should be treated with guidelines post-STEMI therapy, including adding or replacing calcium channel blocker with a beta-blocker and adding ACE/ARB, intensifying statin and maintaining her low dose aspirin therapy.
Conclusion
The recognition, diagnosis, and management of IHD in women currently is suboptimal, as women are often under-diagnosed and under-treated, contributing to the adverse mortality gap experienced by women compared to men. Women exhibit a greater symptom burden, more functional disability, and a higher prevalence of nonobstructive CAD compared to men when evaluated for After National Heart, Lung, and Blood Institute (NHLBI) Heart Truth/American Heart Association (AHA) awareness, Women's Ischemia Syndrome Evaluation (WISE) sex-specific ischemic heart disease research, and American College of Cardiology/AHA guideline campaigns, the US cardiovascular mortality in women has decreased by 43%. signs and symptoms of myocardial ischemia. This paradoxical sex difference appears to be linked to a sex-specific pathophysiology of myocardial ischemia including CMD. Accordingly, the term IHD is more appropriate for a discussion specific to women rather than CAD or CHD. As per current guidelines, symptomatic women at intermediate risk can have further testing (e.g. exercise treadmill test or stress imaging) for myocardial ischemia and prognosis. Women diagnosed with IHD should be prescribed evidence-based guideline therapies. Anti-anginal and anti-atherosclerotic strategies may be effective for symptom and ischemia management in symptomatic women with evidence of ischemia and nonobstructive CAD, although more prospective gender specific studies for prevention and improving prognosis are required. ACS and angina guidelines are not "cardiac catheterization" based, but suggest that evidence of myocardial ischemia and angina be treated. A simplified approach to IHD management with ABC (aspirin, ACE inhibitors/ARBs, beta blockers, cholesterol management with statin) can help to increase use of and adherence to existing guidelines. Further investigation of female-specific IHD is warranted to close adverse CVD gender gaps for women.
